posed as the mechanism causing the development of Type II fractures. 20 Finally, Type III fractures actually extend into the body of the axis, frequently involving the superior articular surface. These fractures may be caused by a flexion moment through the occiput. 20 In more than half of the patients with these lesions displaced fractures are revealed on the initial cervical radiograph. Anterior displacements are most common and are seen in 66% of patients with displaced Type II fractures and 82% of those with displaced Type III fractures. 17 
IMAGING OF ODONTOID FRACTURES
Plain radiography remains the mainstay for identification of odontoid fractures. 2, 10 Both lateral-view and openmouth view radiography may demonstrate the fracture. The magnitude and direction of displacement should be noted because this may be related to failed bone union when nonoperative management is undertaken. In addition, the ligamentous stability of the atlantoaxial joint can be estimated by measuring the atlantodental interval. Fielding, et al., 13 have suggested that a greater than 3-mm separation between the anterior C-1 ring and the dens implies possible transverse ligament disruption. In addition, Spence, et al., 26 have suggested that when the lateral masses of the atlas overhang the superior articular facets of the axis by more than 7 mm, injury of this ligament may similarly occur.
The use of CT scanning may be quite helpful in demon- 
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Although odontoid fractures were first classified more than 25 years ago, 5 the management of these fractures remains controversial. Whereas the nonoperative management with external immobilization devices often leads to successful healing, certain fracture features and patient characteristics have been associated with an increased risk of bone nonunion. 6, 17 Recent technological advances in cervical spine instrumentation techniques have provided additional options for the management of these common fractures. 1, 12, 13, 24, 27, 28 However, an absence of rigorous studies in which the investigators compare management methods may contribute to the varying methods used by spine surgeons when approaching similar injuries.
In this issue of Neurosurgical Focus, various aspects of the management of odontoid fractures are examined. In an evidence-based analysis of methods for treating odontoid fractures the authors examine the best available published data to determine the level of scientific data supporting the use of various treatment options. 3 In epidemiological studies the investigators examine factors contributing to the unusual incidence of spinal cord injury with odontoid fractures as well as the unique considerations that may be attendant on the management of posteriorly displaced fractures. In two other studies the authors discuss the application of specific surgical techniques in treating odontoid fractures, whereas in an additional two reports the authors evaluate the difficulties in managing elderly patients with these injuries. Finally, the use of newer osteoinductive agents is examined as a potential adjunct in the surgical management of bony defects in the dens.
strating the plane of the fracture line as well as the degree of comminution. 10 Both sagittal and coronal CT reconstructions often delineate the fractures more precisely than plain radiographs. However, CT scanning occasionally fails to demonstrate a fracture in the transverse plane if the gantry angle is parallel to the fracture line.
Magnetic resonance imaging has a more limited role in evaluating patients who have sustained odontoid fractures without neurological injuries. However, evaluation of the integrity of the transverse ligament can be facilitated using magnetic resonance imaging. 16 Multiplanar gradient echo modalities have successfully demonstrated disruption of this ligament, prompting operative treatment rather than applications of external immobilization devices alone.
TREATMENT OPTIONS
A variety of external immobilization techniques and operative procedures has been described in the management of odontoid fractures. Recognition of the fracture type is imperative, because the success of different techniques varies depending on fracture type. The spine surgeon should be familiar with a variety of management techniques to tailor treatment to the individual situation.
Because Type I fractures are quite uncommon, it is difficult to compare the various treatment methods. In most reports the authors describe the use of external immobilization therapy in which either a rigid cervical collar or a halo vest is worn, and successful bone union is reported to occur in most patients. However, there have been reports on cases of unstable Type I fractures requiring internal fixation.
Numerous methods have been described for the management of the more common Type II fractures. 8, 9, 17, 22, 25 Overall, a nonunion rate of more than one third has been described when the various treatment modalities have been used. This has prompted evaluation of factors associated with nonunion that may help identify optimum treatment strategies for certain characteristics. These have included age older than 40 years, larger-magnitude displacements (Ͼ 4-6 mm), and posteriorly displaced fractures. 6, 17 However, some of these factors have not been consistently associated with failed bone union. The management of these fractures in the elderly has been particularly challenging. 18, 23 Although external immobilization has been frequently applied in the treatment of Type II fractures, the use of less rigid devices such as hard cervical collars and Minerva jackets is associated with nonunion more commonly than with halo vest immobilization. 11, 19 Despite the greater degree of immobilization conferred by the halo device when compared with other external devices, however, the rate of fusion failure is still higher than when surgical techniques are undertaken.
A posterior atlantoaxial fusion procedure in which instrumentation is placed has been a common surgical method for treating odontoid fractures. Although the use of this treatment does not directly address the fracture location, stability of the atlantoaxial joint is achieved, and the rate of fusion is high. The Brooks technique for placing bone between the atlas and axis, rather than dorsal to it, seems to facilitate successful bone union. 7 However, the technique has been associated with frequent nonunion in the treatment of atlantoaxial instability in patients with rheumatoid arthritis and os odontoideum. This may have prompted the evolution of other posterior fixation techniques such as transarticular screw fixation. 15, 26 Although this technique requires neuroimaging assistance and entails additional risks of vertebral artery injury, incremental improvements in fusion rates have been reported, particularly in patients at higher risk for pseudathrosis. Preoperative imaging studies to identify the location of the vertebral artery and the size of the isthmus of the axis are imperative to determine the safety of placing transarticular screws. Finally, direct fracture reapproximation has been achieved by performing odontoid screw fixation via the anterior approach. 1, 12, 14, 15, 27 Advocates of this technique suggest that fusion rates are quite high and that atlantoaxial rotation is maintained as compared with poorer results obtained using posterior techniques. The results of biomechanical studies suggest that acceptable stabilization is provided by a single-screw technique. 24 However, the fracture configuration may preclude successful anterior screw fixation. Sufficient preservation of the anteroinferior portion of the C-2 body is needed to provide resistance to screw displacement.
Although operative as opposed to nonoperative therapies have yielded better outcomes in patients with Type II fractures, most Type III fractures are successfully healed after the patient undergoes halo vest immobilization. 8, 9, 11 Other external devices do not provide a similar rate of fusion. It has been suggested that the larger surface area of exposed bone facilitates union without requiring supplemental internal fixation.
Synopsis Of Papers In This Issue
In an evidence-based analysis of treatment techniques for odontoid fractures the authors discuss the limited guidance provided by the best available peer-reviewed publications. Although nearly 100 articles published over 30 years were reviewed, only one third met the selection criteria for evidence-based analysis. Moreover, none of the articles included Class I or Class II evidence. As a result, only treatment options can be found in the current literature, and no conclusive treatment standards or guidelines could be determined. Whereas the studies reviewed support the use of external immobilization in the management of Type I and Type III fractures, both external immobilization and surgical therapeutical options were identified as treatment options for Type II fractures.
The growing evidence for the efficacy of anterior odontoid screw fixation is demonstrated in the article written by Apfelbaum, et al., in which they describe the success and limitations of this technique in a large series of patients. They found a high rate of union regardless of patient age or the magnitude and direction of fracture displacement. The technique was found to be successful in patients in whom surgery was performed up to 6 months postfracture. However, the fracture obliquity was related to the success of this method. In addition, screw-related complications (screw pullout and screw backout) occurred in 11% of cases. An excellent presentation of the surgical technique is provided.
Other surgical methods for managing odontoid fractures are described in a technique-and-complication format in the third article. A discussion of the selection criteria for each method as well as the limitations encountered may assist the spine surgeon in choosing the best method when surgery is warranted.
Although neurological-and respiratory-related complications are not commonly associated with odontoid fractures, this issue contains two articles in which the authors discuss the epidemiology of spinal cord injury in odontoid fractures. The fracture displacement and spinal canal size are identified as factors associated with risk of neurological injury. Whereas posteriorly displaced fractures have been more commonly associated with nonunion after external immobilization therapy, the risk of acute respiratory failure during surgical reduction of these fractures has only been described anecdotally. A frequent incidence of respiratory distress associated with possible death is presented in the setting of cervical traction for the reduction of posteriorly displaced fractures, and the authors offer recommendations for the avoidance of this complication.
Special concerns have been raised regarding the management of elderly patients with odontoid fractures. Although comorbidities occasionally limit the practice of surgical stabilization techniques, osteopenia may also limit the success of placing fixation devices. In two articles the authors discuss different approaches to the management of the elderly patient with odontoid fractures. Despite concerns over surgery-related deaths and instrumentation failure, the authors suggest that advanced age alone should not preclude consideration of surgical stabilization in patients with fractures at high risk of nonunion.
In the final article the investigators explore the use of osteoinductive agents as a supplemental treatment of odontoid fractures. There has been a growing interest in understanding the biological features of bone healing and taking advantage of chemical messengers to stimulate osteoblast activity. These methods may eventually play a role in managing comminuted fractures or unreducible fracture gaps, particularly in older patients.
Future Considerations in Odontoid Fracture Management
The evidence-based analysis of the current literature on the management of odontoid fractures demonstrates the limitations of retrospective reviews of single management methods in providing guidance to spine surgeons in terms of the best treatment available for a fairly common injury. Certainly an effort to develop a multicenter investigation in which investigators compare the fusion rate of halo immobilization (likely the best external device) with that of standard operative technique in the management of Type II odontoid fractures would help provide a clearer indication for the best treatment of this condition. Moreover, future investigations into the manipulation of bone growth factors may facilitate the use of less invasive methods of treating fracture types associated with frequent nonunion.
